Introduction
[2] The global overturning circulation largely determines the capacity of the ocean to store and transport heat and carbon and thereby influence climate. Sinking of dense water in the North Atlantic and the Southern Ocean is balanced by a return flow of lighter water in the upper ocean. The existence of such a global-scale overturning circulation depends on the exchange of water masses between basins, both in the deep and upper levels of the ocean. For the upper limb, most attention has been placed on two primary pathways: the cold route through the Drake Passage [Rintoul, 1991] and the warm route following the Indonesian Throughflow and the Agulhas Current [Gordon, 1986] . A third route, the Tasman Leakage (TL), has been identified more recently [Speich et al., 2001 [Speich et al., , 2002 [Speich et al., , 2007 . Repetitions of section SR3, a World Ocean Circulation Experiment (WOCE) hydrographic section between Tasmania and Antarctica, have confirmed a westward subsurface flow south of Tasmania [Rintoul and Bullister, 1999; Rintoul and Sokolov, 2001] but say nothing about its pathway to the Indian Ocean. Model studies and observations suggest that the TL provides a Pacific-to-Indian supply, a key link in a "supergyre" connecting the subtropical gyres of all Southern Hemisphere basins [Rintoul and Sokolov, 2001; Sloyan and Rintoul, 2001; Speich et al., 2002; Ridgway, 2007; Ridgway and Dunn, 2007] .
[3] The westward flowing South Equatorial Current (SEC) reaches the western boundary of the Pacific Ocean and bifurcates between 15°S and 20°S into northern (North Vanuatu and North Caledonia) and southern (South Caledonia) jets ( Figure S1 in the supporting information). The North Caledonia (near surface) and South Caledonia (at intermediate levels) jets turn south at the Australian coast to form the East Australian Current (EAC), the western boundary current of the South Pacific subtropical gyre [Godfrey et al., 1980; Ganachaud et al., 2008] . In the near-surface layers, the EAC separates from the coast on its southward trip, either recirculating to form a double-cell structure [Ridgway and Dunn, 2003] or turning offshore at the Tasman Front or near Tasmania. Surface waters of the EAC extend farther south in summer but do not breach the southern tip of Tasmania [Ridgway and Godfrey, 1997] . At intermediate depths, on the other hand, part of the EAC continues south along the coast and turns west, between Tasmania and the South Tasman Rise, as the TL ( Figure S1 in the supporting information). The extension of the TL into the Great Australian Bight (GAB) is known as the Flinders Current [Middleton and Cirano, 2002] ; this subsurface transport increases as it progresses west because a fraction of the water transported by the Antarctic Circumpolar Current (ACC) recirculates westward through a large anticyclonic loop located between about 139°E and 146°E [Rintoul and Sokolov, 2001] . Along the southern coast of Australia, an extension of the Leeuwin Current forms a weak eastward flow of surface waters extending from Western Australia to Tasmania [Ridgway and Condie, 2004] .
[4] Previous studies of the EAC and the TL have relied on hydrographic data or model output. In this work we use Argo float data to infer the velocity at the sea surface and 1000 dbar (the parking pressure of most Argo floats) and to estimate the thickness of the Antarctic Intermediate Water (AAIW) layer. We then combine the velocity and thickness information to quantify the variability in water transport south of Tasmania and the mean transport reaching the Indian Ocean.
Data and Methods
[5] The Argo float trajectories have been used to generate climatological velocity fields [Lebedev et al., 2007] Lebedev et al. [2007] . The first and last positions of a float cycle are used to calculate the sea surface and parking depth velocities. The individual velocity estimates are spatially and temporally averaged to construct the velocity maps, with the spatial and temporal resolution depending on the amount of available data. The alternation between surface and deep drifts means that the Argo floats do not follow water parcels, so the velocity vectors inferred from the float displacements shall be understood as an Eulerian velocity measure (see the Appendix in the supporting information).
[6] While the error in surface velocity depends only on the positioning accuracy, the subsurface velocity estimates are influenced by the horizontal displacements experienced by the float during its vertical migration. Lebedev et al. [2007] did a detailed analysis of velocity errors at a parking pressure of 1000 dbar and concluded that the most probable relative error is 3% of the inferred value; they also concluded that 54.0% (97.6%) of the deep velocity data have relative errors less than 10% (100%) of the calculated velocity value.
[7] Here we use all delayed-mode Argo data up to March 2013, with a quality control label of "good," downloaded from the Coriolis Operational Oceanography center (www.coriolis. eu.org). We use Chauvenet's criterion [Taylor, 1997] to identify, and reject, spurious velocity vectors as those with either zonal or latitudinal components exceeding five standard deviations. This gives a total of 69,115 velocity vectors for the surface and 58,757 velocity vectors at 1000 dbar. The annual mean velocity is interpolated on a 1/2°× 1/2°grid, calculated from all data contained in a 100 km radius; similarly, the seasonal values are interpolated on a 1°× 1°grid, using a 150 km search radius. This generates considerable overlap between adjacent cells but increases significantly the number of velocity vectors available in each cell.
[8] The AAIW layer is defined to lie between neutral densities of 27.125 and 27.6 kg m À3 [Speich et al., 2002] . The depths of the neutral surfaces, calculated from the salinity and temperature profiles of those same Argo cycles used to compute the velocity fields, are projected on a grid following the same procedure as for the annual mean velocities. The results show that the central depth point of the AAIW layer is reasonably constant and close to 1000 dbar for the whole study area (Figure 1a ), confirming that floats parked near this depth level indeed track this water mass. ) and current velocity vectors near Australia, both at (a) the sea surface and (b) 1000 dbar. The inset illustrates the available number of data point for each 0.5°× 0.5°cell element.
[9] The Eulerian transport is estimated by multiplying the thickness of the AAIW layer (Figure 1b) by the velocity at 1000 dbar. The numerical results of Cirano and Middleton [2004] endorse the assumption of a nearly constant velocity throughout the AAIW layer. In the Appendix in the supporting information, we use the divergence of the inferred velocity field to estimate a potential error of 35% in our transport estimates. We also show that this error bar is large enough to take into account possible uncertainties associated with the vertical shear of horizontal velocity within the AAIW layer and the limited sampling of relatively narrow boundary currents.
Results

Annual Mean
[10] The annual mean sea surface velocity map (Figure 2a ) shows a double anticyclone associated with recirculations of the EAC, with a weak separation from the coast at about 32°S and a much stronger one at about 34°S, associated to the Tasman Front [Ridgway and Dunn, 2003] . The ultimate offshore diversion of the surface flow, however, takes place at about 40°S, so that no flow goes round the southern tip of Tasmania. The annual mean AAIW velocity map (Figure 2b ) also exhibits some partial retroflection at about 34°S, but a major portion continues south and then turns west, between the Tasmania coast and the South Tasman Rise, as the TL [Rintoul and Sokolov, 2001; Ridgway and Dunn, 2007] .
[11] South of Australia, the surface waters have a weak eastward flow, while the AAIW stratum predominantly moves west. The AAIW contains two different water types: a cooler and fresher variety coming from the ACC and a warmer and saltier variety supplied by the EAC. An analysis of temperature-salinity diagrams from the east and south coasts of Australia confirms the continuity of the EAC variety all the way from east to west Australia ( Figure S2 in the supporting information). It also confirms that part of the AAIW carried east by the ACC recirculates to the west at lower latitudes, as observed south of Tasmania by Rintoul and Sokolov [2001] , thereby enhancing the westward AAIW flow in the northern GAB ( Figure S3 ).
Seasonal Variation in the EAC and the TL
[12] The surface EAC has seasonal variations greater than most midlatitude western boundary currents [Ridgway and Godfrey, 1997] , strengthening and extending farther south during the austral summer and weakening in winter (Figures 3a, 3b, and S4 ). The greatest variability is associated with the northward offshore countercurrent, to the extent that the annual mean flow may be largely accomplished by eddies [Ridgway and Godfrey, 1997; Ridgway and Dunn, 2003] . One cause for such variability may be the seasonal cycle of the impinging SEC, which feeds the EAC [Sokolov and Rintoul, 2000] . Another reason may be the variable extension of the Leeuwin Current across the GAB [Ridgway and Godfrey, 1997] : During the austral winter and spring, this current rounds the southern tip of Tasmania and flows along its eastern coast as the northward extension of the Zeehan Current, possibly blocking the southward progression of the EAC. [13] In contrast to the strong seasonality of the surface flow, the EAC and its westward TL extension are remarkably steady at the AAIW level during all seasons (Figures 3c, 3d , and S4). Nevertheless, the subsurface EAC also experiences seasonal changes, as its northern portion strengthens during austral spring and autumn and the southern portion gains intensity during austral winter and summer. This may be related to the alternation in the intensity of those jets (North Vanuatu, North Caledonia, and South Caledonia) feeding the EAC [Ganachaud et al., 2008] .
Intermediate Water Mass Transport by the TL
[14] There have been several attempts at estimating the magnitude of the TL. The first geostrophic calculations, from repeated SR3 WOCE sections, gave a transport of 8 ± 13 sverdrup (Sv) for the whole water column [Rintoul and Sokolov, 2001] . Early results by Speich et al. [2002] quantified the TL as the result of 13 ± 3 Sv of Subantarctic Mode Water (SAMW) and 26 ± 4 Sv of AAIW; however, only a fraction of this transport, 3.7 ± 2.5 Sv of SAMW and 10 ± 3 Sv of AAIW, reached the Indian Ocean. Later model computations by Speich et al. [2007] found a Lagrangian mean transport of 3.2 Sv of intermediate waters all the way to the North Atlantic. Davis [2005] , from a limited number of float trajectories near 1000 dbar and assuming an AAIW thickness of 500 m, estimated a leakage of 7.5 Sv from the Pacific Ocean to the Indian Ocean.
[15] Here we estimate both the TL and ACC contributions to the intermediate water transport into the Indian Ocean. We limit our calculations to the region north of the ACC, as the AAIW layer shoals rapidly to the south (Figure 1a) . The accumulated annual mean zonal transport is calculated every 0.5°between sections S2 (147°E) and S1 (115°E), i.e., along the whole GAB, integrating south from the Australian coast (Figure 4a ). These accumulated transports, equivalent to streamlines for the AAIW layer, reveal the path of the TL from the Pacific Ocean to the Indian Ocean and the appearance of contributions due to the recirculation of ACC. We find an Eulerian mean transport of 3.8 ± 1.3 Sv across 147°E. A significant ACC input (1.2 Sv) occurs between 145°E and 147°E, provided by the eastern limb of a large anticyclonic gyre which extends from about 123°E to 146°E. The transport entering the Indian Ocean is estimated as 5.2 ± 1.8 Sv, being the result of three contributions: the TL through 147°E (3.8 Sv), water escaping westward from the anticyclone between 123°E and 146°E (0.4 Sv), and water recirculating in the southwestern end of our domain (1.0 Sv).
[16] The number of Argo floats south of Tasmania allows estimating changes in water transport through section 147°E, at temporal scales influenced by eddies. We calculate the accu- flowing waters, so that the cross-sectional transport area is A = h d, we may decompose the mean transport A u ¼ À4.4 Sv as contributions from the mean values and their fluctuations, A u ¼ A u þ A′u′ . Computing A u ¼ À 2.7 Sv, we estimate the eddy contribution to be A′u′ ¼ À1.7 Sv, or 39% of the total transport.
Conclusions
[17] Velocity data inferred from Argo float trajectories are used to characterize the currents near Australia at the sea surface and 1000 dbar levels. The inferred flow field agrees with the geostrophic circulation as estimated from a hydrographic climatology and a level of no motion [Ridgway and Dunn, 2003] . The circulation off eastern Australia is dominated at both levels by the EAC. However, only the intermediate waters turn around the southern tip of Tasmania and flow west into the GAB. We find that the subsurface extension of the EAC supplies the TL and, ultimately, the Pacific-to-Indian link of the Southern Hemisphere supergyre.
[18] These observations are the first direct measurements of the intermediate-depth circulation near Australia with adequate spatial resolution to resolve boundary currents and their recirculations and sufficient temporal resolution to account for the seasonal cycle. The westward Eulerian transport south of Tasmania displays substantial variability, likely due to the presence of eddy activity, between times of no leakage to maximum values of 14.5 Sv. We estimate the mean leakage of AAIW into the Indian Ocean to be 3.8 ± 1.3 Sv. Between 147°E and 145°E, the mean water transport increases to 5.0 ± 1.8 Sv because of the contribution from an anticyclonic gyre north of the ACC, and at 115°E, the mean net westward transport is 5.2 ± 1.8 Sv.
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